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(54) Motorized carriers 



(57) An automatic motorized golf trolley having control means is arranged to maintain a fixed separation 
distance between the trolley and the golfer. The trolley is provided with an ultrasonic transmitter 26 and a 
directional receiver 27, the transmitter being arranged to transmit an identification code which is received by a 
remote unit attached to the golfer. The remote control unit comprises an ultrasonic receiver which receives 
transmitted signals, comparison means for comparing a received signal against a stored code, and means for 
transmitting, via a transmitter mounted on the remote control unit, a carrier control signal for reception by the 
receiver of the trolley. The control means is arranged to analyze the time separation between transmission of 
the identification code and reception of the control signal, and the direction from which the control signal was 
received, and to drive the trolley accordingly. The remote control unit comprises means for delaying the 
transmission of a control signal in order to eliminate the effect of reflections at the carrier receiver. A clutch 
and brake mechanism for the trolley comprises an electric motor which drives a worm gear to axial ly move the 
clutch. The brake engages at the extreme end of its travel. 
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MOTORIZED C ARRIERS 

The present invention relates to motorized 
carriers, in particular, though not necessarily, golf 
trolleys, and to an automatic motorized carrier control 
system. 

Motorized golf trolleys have gained increasing 
popularity in recent years, and there is now a desire 
for an automatic golf trolley control system which 
allows hands free operation of the trolley. In order 
that the trolley should keep at a safe distance behind 
its owner any such system should make use of a range- 
finder system. One range-finder system which is 
commonly used in other application uses infra-red 
radiation. However, infra-red range-finders generally 
use narrow signal beam widths, so that communication is 
easily lost, and have relatively high power consumption, 
in addition, infra-red systems are susceptible to being 
swamped by strong sunlight. Alternative systems use 
ultrasonic radiation allowing a substantially wider beam 
width to be used and having lower power requirement. 
However, ultrasonic systems are highly susceptible to 
interference due to reflection from bodies in the 
vicinity of the transmitter and stray emissions from 
electrical equipment, e.g. golf trolley motors and 
animals. 

The present invention makes use of a new improved 
ultrasonic range-finder system which seeks to avoid one 
or more of the above mentioned problems and 
disadvantages . 
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According to a first aspect of the present 
invention there is provided an automatic motorized 
carrier control system for controlling the motor drive 
means of a carrier to maintain a substantially fixed 
5 separation distance between the carrier and an operator, 
the system comprising: 

ultrasonic transmitter and receiver means and 
interrogation control means for mounting on the carrier, 
the interrogation control means being arranged to 

10 periodically enable an interrogation mode in which the 
carrier transmitter is activated to transmit an 
ultrasonic identification code and the carrier receiver 
is disabled for a predetermined period of time? 

a remote control unit arranged to be carried by the 

15 operator and comprising ultrasonic transmitter and 
receiver means and identification code recognition 
means, the identification code recognition means being 
arranged to compare a received identification code with 
a stored code and, if the received code and the stored 

20 code match, to disable the remote ultrasonic receiver 
and to transmit an ultrasonic carrier control signal 
after a predetermined delay for reception by the carrier 
ultrasonic receiver means in a time period following the 
interrogation mode; said 

25 timing control means coupled to the carrier 

ultrasonic transmitter and receiver means and the 
interrogation control means for calculating the time 
delay between transmission of the identification code 
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and reception of the control signal and for calculate 
therefrom the separation distance of the carrier and the 
operator. 

According to a second aspect of the present 
invention there is provided an automatic motorized 
carrier control system comprising range-finder means for 
monitoring the separation of the carrier from a remote 
unit carried by the user of that carrier and carrier 
drive control means coupled to said range-finder means 
and forced and arranged for enabling and disabling drive 
of the motorized carrier above and below a predetermined 
separation, the range-finder means comprising a two-way 
ultrasonic communications system with carrier 
transmitter and receiver means and remote unit 
transmitter and receiver means and the carrier 
transmitter means comprising an interrogation control 
means for periodically enabling an interrogation mode in 
which the carrier transmitter sends an identification 
code corresponding to that of the associated remote 
unit, and the carrier receiver is disabled for a 
predetermined period of time, the remote unit receiver 
means comprising identification code recognition means 
formed and arranged for comparing the identification 
code received from the carrier with a stored 
predetermined identification code, and upon recognition 
of a match confirming that said carrier is one required 
to follow said remote unit, disabling the remote unit 
receiver means and enabling a response mode wherein a 
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carrier control signal is transmitted after a 
predetermined time delay, said interrogation control 
means being formed and arranged so that the 
interrogation mode is disabled during a period allowing 
5 reception of transmissions from the remote unit in its 
response mode, said carrier receiver means being 
provided with timing means formed and arranged for 
measuring the time delay in receiving the carrier 
control signal due to the remote unit separation from 

10 the carrier to provide an indication of said separation, 
whereby in use, the carrier may follow its associated 
remote unit at a generally predetermined distance. 

Where the carrier is required to follow a non- 
linear path, for example where the carrier is a golf 

15 trolley, the carrier control system may include means 
for indicating the required direction of travel. This 
may conveniently be achieved by using a plurality of 
directional receivers on the carrier for selectively 
receiving carrier control signals from different 

20 directions whereby the control system may determine 

(with the aid of suitable processing means) the required 
direction of travel. 

As already noted hereinbefore, previously known 
systems suffered from various disadvantages and problems 

25 including difficulties in effective communications. In 
accordance with the present invention the latter may be 
substantially overcome by inter alia careful control of 
the ultrasonics communications between the carrier and 



the respective remote unit. Thus in the first place the 
carrier sends an identification code unique to the 
particular remote unit which the carrier is required to 
follow in order selectively to activate the remote unit 
transmitter thereof thereby to restrict the signals 
which may be directed to the carrier. In addition the 
carrier receiver(s) are disabled during this 
interrogation phase so that any stray reflections of the 
carrier transmitter signals may be simply ignored. Once 
the remote unit has received the correct identification 
signal, from the carrier which is intended to follow 
that remote unit, the remote unit is enabled for 
responding after a predetermined interval to allow the 
carrier to exit its interrogation mode and re-enable its 
receiver (s) . In this response mode the remote unit 
receiver is disabled to prevent initiation of any fresh 
response cycles and to ensure that the timing of the 
remote unit response signal is linked to a specific 
interrogation signal thereby to facilitate relating of 
the timing of these signals to the separation of the 
carrier and the remote unit. 

With the above described arrangement the total time 
delay (t tot ) between transmission of an interrogation 
signal from the carrier and reception of a response 
signal from the remote unit at the carrier will 
correspond approximately to: t tot s t, * t, * t, where t, and 
tj are the times required for the interrogation and 
response signals to pass from the carrier to the remote 
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unit and vice versa respectively and is the 
predetermined time delay after receipt of the 
interrogation signal at the remote unit and enabling of 
the response mode. The signal passage times and tj 
5 are related to the separation between the carrier and 
response unit in the following way: 

t t m tj = d/v where d is the carrier remote control unit 
separation and v the velocity of the ultrasonic 
transmission. The latter will be subject to some slight 

10 variations due to changes in air temperature and 

pressure etc but for practical purposes will generally 
be constant for a given system. Accordingly the 
separation may be readily determined by the following 
expression: 

15 d = (t tot - V .V/2 

It will be appreciated that the main body of the 
carrier can have My of a wide variety of different 
forms depending on what is required to be carried , the 
terrain to be covered (possibly even water) , the ambient 

20 operating conditions (indoors/outdoors), etc. without 
signif icantly affecting the fundamental nature of the 
carrier control system itself. 

For the sake of brevity only one application will 
be described hereinbelow in detail but it will be 

25 clearly understood that various other applications are 
also within the scope of the present invention, for 
example supermarket trolleys and produce collection 
carts for use in fruit or vegetable harvesting. 



7 



10 



15 



20 



25 



Although the carrier control system of the present 
invention may be used simply to advance a carrier 
forward whenever the remote control unit exceeds a 
predetermined distance ahead of it, additional control 
features may readily be incorporated. In particular, 
where, as noted above, the user carrying the remote 
control unit follows a non-linear path and deviations to 
left or right of a directly forward direction are 
detected via the carrier receivers, the control system 
advantageously includes -steering means". This means 
may readily be implemented in various ways, e.g. by 
varying the drive speed at the left and right sides of 
the carrier. 

Additional control facilities may be provided on 
the remote control unit including switch means for 
remote activation and/or deactivation of the carrier to 
bring it into interrogation mode; speed control means to 
vary the basic drive speed of the carrier; switch means 
for switching between automatic (following) and manual 
operation to allow the user to disable automatic 
following; manual steering means for driving the carrier 
manually to left or right; and reversing means for 
switching the carrier to reverse drive where it is 
desired to increase separation temporarily, e.g. in 
order to move a carrier which has followed a remote 
control unit onto a green back off the green. 

According to a third aspect of the present 
invention there is provided a clutch mechanism for 
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coupling a motor drive shaft to a shaft to be driven by 
causing relative linear movement between the two shafts, 
the mechanism comprising an electric motor, a threaded 
shaft coupled to the motor for rotation thereby and 
extending in a direction substantially parallel to the 
direction of said relative linear movement, and link 
means threadably engaging the threaded shaft and coupled 
to one of the drive shaft and the driven shaft, wherein 
rotation of the threaded shaft causes relative movement 
of the link means which in turn causes said relative 
linear movement between the drive shaft and the driven 
shaft* 

It will be understood that the detailed 
implementation of the generation, timing, control and 
processing of the interrogation and response signals, 
and application thereof to the motor and steering 
control of the carrier, can readily be effected using 
various techniques well known in the art. 

Further preferred features and advantages of the 
invention will now be described in detail with reference 
to a golf trolley application illustrated by the 
accompanying drawings in which: 

Fig. 1 is a perspective view of a golf trolley 
provided with a carrier control system; 

Fig. 2 shows a clutch and brake assembly of the 
trolley of Fig 1; 

Fig. 3 shows in circuit form the switching control 
means of the assembly of Fig 2; 
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Fig. 4 is a circuit diagram of a steering and motor 
control system of the golf trolley of Fig 1. 

Fig. 5 is a plan view of the carrier of Figure 1 
showing the position of an ultrasonic transmitter; 

Fig. 6 is a plan view of the carrier of Figure 1 
showing the positions of a plurality of ultrasonic 
receivers; 

Fig. 7 is a plan view of a remote control unit of 
the carrier control system of the golf trolley of Fig If 
Fig. 8 shows a schematic overview of the carrier 

control system Fig. 1; 

Fig. 9 shows a carrier transmission circuit of the 
system of Fig. 1 together with a timing diagram; 

Fig. 10 shows a remote control ultrasonic receiver 
circuit of the system of Fig. 1 together with a timing 
diagram; 

Fig. 11 shows a remote control ultrasonic 
transmission circuit of the system of Fig. 1 together 

with a timing diagram; 

Fig. 12 shows a carrier ultrasonic receiver circuit 

of the system of Fig. 1; 

Fig. 13A shows in detail a decoder circuit of the 

receiver circuit of Fig. 12; 

Fig. 13B shows a timing diagram for the decoder 

circuit of Fig. 13 A; 

Fig. 14 shows a carrier vicinity detector of the 

receiver circuit of Fig. 12; 

Fig. 15 shows schematically a modified embodiment 
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of the carrier portion of the control system 
incorporating a digital speech synthesizer; 

Fig. 16 illustrates an embodiment of the invention 
in which the control circuitry is implemented by a 
5 programmable logic array or by a microcontroller; 

Fig. 17 is a flow diagram illustrating the mode of 
operation of the trolley mounted system; and 

Fig. 18 is a flow diagram illustrating the mode of 
operation of the remote control unit. 

10 There is shown in Figure 1 a golf trolley 1 

comprising a body 2 having a load compartment 3, for 
supporting a golf bag r and a pair of rear drive wheels 
4, 5 and a front jockey wheel 6. The body 2 houses an 
electric battery 7 for powering a drive motor 8 which is 

15 coupled via respective clutches to the left and right 
side drive wheels 4, 5. The drive wheels are provided 
with respective brake mechanisms such that the trolley 
can be steered by selectively disengaging the 
corresponding clutch and applying the corresponding 

20 brake mechanism at one side wheel and applying drive 
from the motor 8 to the wheel at the other side, at a 
moderate speed, so as to turn the trolley at a 
relatively low speed thereby minimizing the possibility 
of the trolley becoming unstable during the turn. 

25 Figure 2 shows in detail the clutch and brake 

mechanism which is coupled to each of the drive wheels 
4, 5 of the golf trolley. The mechanism is mounted 
within a housing through which the wheel axle and the 
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motor drive shaft pass. The clutch mechanism 9 
comprises a tubular member 10 which is mounted onto the 
axle 11 of the wheel to enable the member 10 to slide 
telescopically into and out of engagement with a clutch 
plate 12 attached to the end of the motor drive shaft 
whilst remaining in driving connection with the axle 
(e.g. via a splined connection thereto) . An annular 
bracket 13 is slideably mounted about a central region 
of the slidable tubular member 10 between a pair of 
helical springs 14,15. 

A lever 16 is rotatably attached at one end to the 
annular bracket 13 and is additionally mounted for 
rotation about a central portion 16a such that rotation 
of the lever about said central portion causes the 
attached annular bracket 13 to move the slidable member 
10 to the left or to the right depending upon the 
direction of rotation of a connecting rod 19. Rotation 
of the lever 16 is induced by means of a threaded shaft 
or worm gear 17 which is rotated by a small DC motor 18 
operating at between 6 and 15 volts and an elongate 
connecting rod 19 which has a pair of through holes, the 
upper of which is threaded to engage the threaded shaft 
17 and the lower of which slideably engages a rigidly 
mounted guide rail 20 parallel to the threaded shaft. 
The connecting rod 19 is provided at its upper end with 
a pin 21 which engages a slot 22 extending 
longitudinally along a proximal end portion 16fe. 
Rotation of the threaded shaft 17 by the motor causes 
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the connecting rod 19 to move to the left or the right 
which in turn causes rotation of the clutch lever 16 
about its central axis to engage or disengage the 
clutch. 

5 The clutch and brake mechanism further comprises a 

rocker switch 23 positioned beneath the connecting rod 
19 so that when the connecting rod passes over the 
rocker switch the switch is toggled from one position to 
the other* Figure 3 shows a schematic circuit diagram 

10 which illustrates the switching operation of the 

assembly of Figure 2. A pair of input terminals B and C 
are held permanently at voltages of 0V and +12V 
respectively whilst a third, control, input terminal A 
receives a voltage of +12V or 0V depending upon whether 

15 or not the wheel is required to rotate. 

With the switching configuration shown in Figure 2, 
terminal 2 of the motor receives a voltage of 0V from 
terminal B. When a voltage of +12 V is applied to 
terminal A the motor will rotate causing the clutch to 

20 move from its existing position to a second position, 

namely from the disengaged to the engaged position. At 
the end of its travel, the connecting rod passes over 
the rocker switch 23, (which corresponds to switch SW1 
in Figure 3) disconnecting terminal 2 of the motor from 

25 terminal B and connecting it to terminal C. In this 

position, there exists no potential difference between 
terminals 1 and 2 of the motor and the motor will cease 
rotating. 
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In order to move the clutch from the engaged to the 
disengaged position, a voltage of OV is applied to 
terminal A giving rise to a potential difference between 
motor terminals 1 and 2, which causes the motor to 
rotate in the reverse direction, disengaging the clutch. 
The position of the rocker switch is such that the 
switch is activated, stopping the motor, before a brake 
disc 24 contacts the inside surface of the clutch and 
brake mechanism housing. 

If it is required to activate the brake, at the 
same time as a voltage of OV is applied to terminal A 
(to disengage the clutch) , an appropriate energising 
voltage is applied to a relay RL1 25 which over-rides 
the operation of switch SW1 causing the motor to 
continue rotating despite the operation of the rocker 
switch 23. Rotation continues until the brake disc 24 
engages a brake pad 25 mounted on the inside of the 
housing whereupon the connecting rod 19 activates a 
further switch SW2 26 which de-energises the relay 25 
allowing it to return to its normal position. 

Figure 4 shows a steering control circuit which is 
used to provide the control signals A and D to the left 
and right clutch and brake mechanisms. These control 
signals are derived from a set of 8 control signals, 
left front, left turn, etc which are generated by a 
carrier receiver circuit the operation of which will be 
described hereinbelow. Figure 4 also shows a speed 
control circuit which controls the drive motor speed and 
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direction of rotation (i.e. forward or reverse) . 

With reference to Figures 5 and 6, mounted on the 
front of the trolley body 2 is an ultrasonic transmitter 
26 which transmits a beam of ultrasonic radiation with 

i 

5 an angle of divergence of approximately 90*. 

Positioned around the body 2 are several receivers 27 
with various reception angles arranged so that the 
reception field of the carrier control system is 
maximised. Fig. 7 shows a remote control unit having a 

10 swivel head 28 on which are mounted three transmitters 
29, each having a 60* wide transmission beam, and a 
receiver 30 having a 60* wide reception angle. The 
transmitters 29 are mounted so that their transmission 
beams overlap so as to increase the effective 

15 transmission range (e.g. from 10 to 25m). The main body 
31 of the remote control unit has a plurality of control 
buttons 32 having various functions (as labelled) . 

Figure 8 illustrates in very general terms the 
functional interrelationship of the remote control 

20 circuitry and the carrier control circuitry. The 

carrier transmitter is arranged to transmit a stored 
identification code signal and at the same time 
deactivate the carrier receiver for 520mSec. 
Transmitted signals received by the remote control 

25 receiver are decoded and compared with a stored code. 
If the codes match, the remote control transmitter 
transmits a carrier control code after a 520mSec delay. 
The carrier control code will thus be received by the 
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eerier only after the carrier receiver has been 
reactivated. The carrier control circuitry also 
includes a vicinity detector the function of which will 
be described hereinbelow. 

The circuity which provides overall control of the 
veering and motor control circuitry, and which operates 

various ultrasonic receivers, in accordance with 
Pig ure a will now he descrihed in detail with reference 

to Figures 9 to 14. 

Fig. 9 shows the principal parts of the golf 
trolley carrier transsitter system for transmitting a 
stored identification signal in en interrogation mod. 
periodically and incorporates part of the processing 
„eans for handling received response signels which is » 
turn connected to the sain steering and motor control 

circuitry shown in Fig. 4. 

open activation of the transmitter a 500 n sec 
pulse is generated at the start of each cycle. It also 
starts the 40 Khs doc* and the data out from the shift 
register is added with the 40 Khz signal through an AMD 
oat. to generate the data that will be transmitted to 
the remote control receiver. 

the 800 , sec pulse has finished, it triggers 
the 520 m sec. delay that inhibits the receivers and 
starts the vicinity detector. Before the vicinity 
detector (see Figure 14) starts there is a 10 m Sec 
eelay which allows the t-ansmitted identification code 
to be clear of the trolley and at the same time resets 
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the counter. After the 10m Sec delay the output is "1" 
and the rise time of the pulse triggers the counter to 
the count of one. A 100 m Sec delay is then triggered. 
The output from the delay triggers a 12.5 m Sec 
transmission pulse that is transmitted. A 7.2 m Sec 
delay is started during which the output of the delay is 
a "1" and that M l w goes to two NAND gates. 

Fig. 10 shows the principal parts of the remote 
control unit receiver system for receiving carrier 
interrogation signals (transmitted by the circuit of 
Figure 9) and comparing an identification code contained 
therein with a stored identification code. In response 
to the recognition of a received identification code the 
circuit disables the remote control unit receiver and 
enables a response mode in the remote control unit 
transmitter after a predetermined delay of 520m Sec. 

In more detail, when the system is in "auto" (i.e. 
reception) mode, the remote control unit receiver is 
open to receive interrogation signals. A received 
signal is amplified to give a TTL logic compatible 
signal. This amplified signal is then passed to an AND 
gate and, when the other two inputs to the AND gate are 
high, the output is high clearing a connected flip-flop 
and also enabling the an 800 n Sec delay. A first of 
the inputs to the AND gate is provided by a receiver 
inhibit signal whilst a second is fed back from the 
output of the shift register. The flip-flop is reset 
every 100 p Sec over the 800 p Sec delay period in order 
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to clock the received identification code into a shift 
register coupled to the output of the flip-flop. 

An eight bit comparator receives the data from the 
shift register and compares it with the identification 
code received from an identification code matrix. If 
the received identification code does not correspond to 
the stored code then one of the outputs X or Y is set 
loW ; if it does correspond, then both X and Y are set 
high. m the latter case, a 100 m Sec delay is 
activated. This delay inhibits the transfer of signals 
from the receiver and contributes to eliminating 
transmission bounce from external objects. After the 
520 m Sec. delay, a pulse is generated which resets a 
1.5 Sec delay and enables the transmitter identification 
timing (setting the 'ident timing enable' line high). 
If no pulse is received from the comparator during the 
1.5 Sec delay, the 1.5 Sec delay is set and the 
identification signal and control signal are 
transmitted. The remote control unit continues to 
transmit in this way every 1.5 Sec. 

in -manual- mode of the system the remote unit 
receiver is inhibited. 

Fig. 11 shows the principal parts of the remote 
control unit transmitter system for sending a response 
signal after a predetermined delay following receipt at 
the remote unit of the trolley carrier identification 
code. insofar as the response signal is simply used 
for timing purposes at the carrier receivers, its 
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particular form and content are not critical. 
Conveniently though it contains the identification code 
peculiar to the particular carrier - remote control unit 
combination, the carrier unit receiver means being 
provided with suitable comparator means for verifying 
the source of the response signal received before 
enabling further processing thereof including timing 
measurements etc. In addition the remote control unit 
transmitter system is adapted for transmitting various 
control signals corresponding to operation of the 
various keys and/or switch means provided on the remote 
control unit for user operation as shown in Figure 7. 

With regard to the detailed format of the remote 
control unit transmissions, these conveniently may be of 
the following form. 

The Identification Signal is an eight bit word. 
Bit 0 and bit 7 are always "1", bits 1 to 6 are switched 
in binary fashion making a selection of sixty four 
different identification codes. 

The Control Signal is a seven bit word, the eighth 
bit is "O". Bit 0 and bit 6 are always w l w , bit 5 is 
the mode code - when it is "l n it indicates auto mode 
and when it is "0" it indicates manual mode. Bits 1 to 
4 can be used to operate up to fifteen independent 
commands from the key-board on the remote control unit. 

Fig. 12 shows the principal parts of the golf 
trolley receiver system for monitoring the receipt of 
response signals at each of the receivers 12 on the 
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trolley boa, 2, for dater^in, the relative directs 
0£ the remote contro! unit (with respect to the carrrer, 
tr0D the iaentity of the receiver ana/or relative signal 
strengths at the receiver receiving response signals, 
and for generating suitehle control signals in response 
thereto for the oxive control systen, e.g. to operate 
tne right hana wheel driv. to turn the trolley leftward. 
^ e renote control unit positioned to the left o, 
the trolley. 

w - 4« detail the receiver signal 
Figure 13A shows in detail we j. 

aecoder circuit of Figure 12 (Figure 13B shows the 

signals present at various points in the aecoaer, . «hen 

. receiver receives an ultrasonic signal, the output 

signal goes through , corresponding AND gate, all of the 

triggers a corresponding flip flop ana the -a" output 

from a "1" to a "0- effectively blocking all of 
changes from a a 

the receivers. The -0 bar- output of the flip flop 
changes from a -0« to a -1" triggering a tining 
seguence. setting the direction, and allowing the signal 
to go through a second AHD gate. The signal continues 
tnrough an OR gate (or OR gates) to a Pulse Error 
petector (vicinity aetector - Figure 14) which checks 
the signal: if only on. pulse is receivea within the 
first 100 , sec of the signal then the receivers are 
reset ana th.y will wait for the next signal, if two or 
TC r. pulses ,r. receivea within th. first 100 „ Sec then 
the signal is allowea to continue. The signal sent to 
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the Pulse Error Detector also goes to an AND gate which 
triggers a flip flop which is reset every 100 n Sec. 
The other input to the AND gate comes from a 75 m Sec 
delay unit, which allows slippage of the signal, e.g. if 
the first pulse is missing from the piece of data then 
the first pulse from the second piece of data may 
interfere with the first piece of data. 

The data is clocked into a parallel shift register 
and is clocked into latches and checked to see if it is 
correct (Figure 12) . If it is faulty it would reset 
the receivers and wait for the next signal. However , if 
it is correct the range clock is stopped and the command 
signal is put into action. A 100 /x Sec delay is 
started which gives time for the trolley to put the 
commands into action. 

Figure 14 shows in detail a vicinity detector 
portion of the circuit of Figure 12. If someone is in 
front (the vicinity detector receives a signal only from 
the front receiver) of the trolley a transmitted pulse 
will hit them and reflect back to the front receiver and 
to the vicinity detector where it will go through the 
gates to the two flip flops where it would toggle the 
flip flop once. Then after a 100 m Sec delay a 500 n 
Sec pulse goes to the two HAND gates. If this time is 
within 7.2 m Sec of the transmitted vicinity pulse then 
a "0" will enable a pause through the NAND latched pair, 
making a "1" output for 'pause '. To reset the 'pause' 
the return vicinity pulse delay must be greater than 7.2 
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, Sec. A centre! signal will also reset the pause. 

vicinity detector is active fcr four pulses and the 
counter ccunts the number of times it is activated. 
Tbe xoo . sec delay is the trigger to the counter and to 
itself using the change tine of the AND gate as a 
del ayed pulse. It is noted that the -field of view' of 
the vicinity detector may be enlarged by connecting xt 
to receive signals fro. two or sore of the carrier 
counted ultrasonic receivers. 

on the trolley there is a manual control on the 
handle which operates in the same manner as that of the 
remote control unit (forward, reverse, left turn, right 
turn, start, stop, faster and slower) . 

Figure 15 shows a control system in which the 
circuitry of Figures 4 and 9 to 14 is Implied either 
using a programmable logic array or by suitably 
programming a microcontroller. The system also includes 
a digital speech module. The system is arranged so that 
if no signal is received, the trolley will stop and 
activate the digital speech module (which may else be 
used for other alarms and uses) . 

on manual, the remote control unit transmits the 
identification code and command code at 350 m Sec. 

Figure 16 shows the circuitry of the remote control 
unit similarly implemented by a programmable logic array 
or by a programmed microcontroller. 

Figures X7 and 16 illustrate by way of flow 
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diagrams the operation of the carrier and remote control 

systems respectively. 

Example of Rancrefinder Ope ration 

Using ultrasonics transmitters transmitting at the 
5 speed of sound with a carrier frequency of 40 KHz, and 
at a 10 m separation between the trolley carrier and 
remote unit, the timing of the various operational steps 
is approximately as follows: 
0 msecs: identification code sent by carrier; 
10 30 msecs: identification code received at remote unit; 
520 msec: delay at remote unit 

550 msecs: remote unit response mode enabled and 

transmitter sends identification code; 

580 msecs: response received at carrier receiver (s). 

15 Thus the total time from sending of the 

interrogation signal until receipt of the response 
signal is approximately 580 msecs, 30+30 msecs in 
travel, and 520 msecs in built-in delay- Since the 
processing time element is relatively small it can be 

20 ignored for practical purposes. The known built-in 

delay time is eliminated by providing a similar built-in 
delay at the carrier for processing of the remote unit 
response signal leaving an effective travel time of 60 
msecs which when multiplied by the signal velocity of 

25 approximately 332 m/sec and divided by two yields a 

separation measurement of 10 m, which is sufficiently 
accurate to allow a trolley to be maintained at a 
comfortable following distance of say 5 ft (1.5 m) . 
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CLAIMS 

1. An automatic motorized carrier control system for 
controlling the motor drive means of a carrier to 
maintain a generally predetermined separation distance 
between the carrier and an operator, the system 
comprising: 

ultrasonic transmitter and receiver means and 
interrogation control means for mounting on the 
carrier, the interrogation control means being arranged 
to periodically enable an interrogation mode in which 
the carrier transmitter is activated to transmit an 
ultrasonic identification code and the carrier receiver 
is disabled for a predetermined period of time; 

a remote control unit arranged to be carried by the 
operator and comprising ultrasonic transmitter and 
receiver means and identification code recognition 
means, the identification code recognition means being 
arranged to compare a received identification code with 
a stored code and, if the received code and the stored 
code match, to disable the remote control ultrasonic 
receiver and to transmit an ultrasonic carrier control 
signal after a predetermined delay for reception by the 
carrier ultrasonic receiver means in a time period 
following the interrogation mode; 

timing control means coupled to the carrier 
ultrasonic transmitter and receiver means and the 
interrogation control means for calculating the time 
delay between transmission of the identification code 
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and reception of the control signal and for calculating 
therefrom the separation distance of the carrier and the 
operators; and 

carrier drive control means, coupled to the timing 
5 control means, for controlling the motor drive means to 
maintain said generally predetermined separation 
distance. 

2. A system according to claim 1, wherein the carrier 
receiver and interrogation control means are arranged to 

10 determine the direction from which a carrier control 
signal is received and to cause the carrier to move 
substantially in said direction. 

3. A system according to claim 2 and comprising a 
plurality of carrier receivers arranged to be spaced 

15 about the periphery of the carrier, wherein the 

interrogation control means is arranged to determine the 
direction from which a control signal is received by 
determining at which receiver a signal is first received 
or by comparing the relative magnitudes of received 

20 signals. 

4. A system according to any one of the preceding 
claims, wherein the interrogation control means is 
arranged to disable the carrier receiver means for a 
period of at least 7.2 msec following the transmission 

25 of an ultrasonic identification code. 

5. A system according to any one of the preceding 
claims, wherein the identification code recognition 
means of the remote control unit is arranged to disable 
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tte remote ultrasonic receiver means for e period of at 
le ast - „ s following - — — - a code matching 
the stored code. 

, a system according to any one of the precede 
olai ms, wherein said predetermined delay after which . 
car rier control signal is to be transmitted is at Xeast 



7.2 msec. 

7 a system according to any one of the precedrn, 
olaims, wherein said predetemined period of time and 
S eid predetermined delay are substantially of the same 
length. 

8 a system according to any one of the precedrn, 
cla ims and including a vicinity detector arranged to 
aet ect ejects within e given distance of a carrier and 
substantial in the peth in which the carrier is 
^entiy moving, and means for temporariiy stopprng the 
^Ur in the event that any such object is detected 

, a system according to ciaim 3. wherein the vrcmrty 
sector is coupled to the cerrier receiver means and rs 
arranged t0 analyre the output thereof to "entify 
ul «asonic signals generated hy the carrier transmrtter 
B eans and which have been reflected by objects. 
10 a system according to claim ,. wherein the carrrer 
fitter means is arranged to transmit alternately an 
Verification code and a vicinity code, the duration of 
tt e vicinity code being greater than that of the 
identification code, wherein the vicinity detector rs 
arranged to aiscriminate reflected vicinity codes from 
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other received signals by analysing received signals. 
11. An automatic motorized carrier control system 
comprising range-finder means for monitoring the 
separation of the carrier from a remote unit carried by 
5 the user of that carrier and carrier drive control means 
coupled to said range-finder means and formed and 
arranged for enabling and disabling drive means of the 
motorized carrier above and below a predetermined 
separation, the range-finder means comprising a two-way 

10 ultrasonic communications system with carrier 
transmitter and receiver means and remote unit 
transmitter and receiver means and the carrier 
transmitter means comprising an interrogation control 
means for periodically enabling an interrogation mode in 

15 which the carrier transmitter sends an identification 
code corresponding to that of the associated remote 
unit, and the carrier receiver is disabled for a 
predetermined period of time, the remote unit receiver 
means comprising identification code recognition means 

20 formed and arranged for comparing the identification 
code received from the carrier with a stored 
predetermined identification code, and upon recognition 
of a match confirming that said carrier is one reguired 
to follow said remote unit, disabling the remote unit 

25 receiver means and enabling a response mode wherein a 
carrier control signal is transmitted after a 
predetermined time delay, said interrogation control 
means being formed and arranged so that the 
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intention mode is disabled during a period allowing 
r ec.ption of transmissions from the remote unit in its 
response mode, said carrier receiver means bern, 
provided with timing means formed and arranged for 
measuring the time delay in receiving the carrier 
control signal due to the remote unit separation from 
tt e carrier to provide an indication of said separation, 
hereby in use, the carrier may follow its associated 
remote unit at a generally predetermined distance. 
12 an auto»tic carrier control system substantially 
ee hereinbefore described with reference to rig. 1 and 
Figs 5 to 18. 

l3 . * clutch mechanism for coupling a motor drive shaft 
to a shaft to be driven by causing relative linear 
movement between the two shafts, the mechanism 

, threaded shaft coupled 

comprising an electric motor, a tnrea 

to the motor for rotation thereby and extending in a 
direction substantially parallel to the direction of 
eeid relative linear movement, and lis* means threadably 
engaging the threaded shaft and coupled to one of said 
enafts, wherein rotation of the shaft causes relate 
novement of the lin* means which in turn causes said 
relative linear movement between the two shafts. 
14 . A clutch mechanism for coupling a motor drive shaft 
to a shaft to be driven, and operated by axial 
displacement of first and second clutch portions, 
wherein there is provided an electric motor, drivingly 
coupled to a moveable said clutch portion vie coupling 
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means comprising a worm gear and nut means in which the 
worm gear means is formed and arranged so as to be 
driven by said electric motor and said nut means is, 
directly or indirectly, connected to said moveable 
5 clutch portion for axial displacement of said moveable 
clutch portion by means of operation of said worm gear 
means. 

15. A mechanism according to claim 13 or 14, wherein 
the link means comprises a connecting rod which is 

10 slideably mounted on a fixed guide rail and which 
threadably engages the threaded shaft and a lever 
mounted for rotation about a central region and coupled, 
at a first end region, to one of the shafts and at a 
second end region to the connecting rod. 

15 16. A mechanism according to any one of claims 13 to 15 
and comprising switch means arranged to be activated at 
ends of the link means travel in order to switch off the 
power supply to the motor when the clutch is completely 
engaged or disengaged. 

20 17. A mechanism according to any one of claims 13 to 16 
and comprising brake means which is engaged when the 
link means reaches an extreme end of its travel. 

18. A clutch mechanism substantially as hereinbefore 
described with reference to Figures 1 to 3 of the 

25 accompanying drawings. 

19. A golf trolley comprising a system according to any 
one of claims 1 to 12 and/or a mechanism according to 
any one of claims 12 to 16. 
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20 A golf trolley substantially as hereinbefore 
described with reference to the accompanying drawings. 
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